Background: Recent studies highlight a role for vitamin D (VD) in the growth and differentiation of various cell types. The biologically active form of vitamin D3 is 1,25-dihydroxyvitamin D3. Most cells of the body including prostate cells have vitamin D receptor (VDR) and VD metabolizing enzymes, and can respond to 1,25-VD. Literature supports multipronged effects of 1,25-VD in the prevention of prostate carcinoma development and progression. However, the relationship between prostate carcinoma and VD is still not entirely understood. There are no studies conducted on the association of VD and prostate carcinoma among the Asian population and our study is the first of its kind in literature and hence the need for the same.
Introduction
Vitamin D (VD) is best known for its actions in regulating calcium levels and bone remodeling [1] (reviewed in Brown et al, 1999), but recent studies highlight a role for VD in the growth and differentiation of various cell types [2, 3] . VD may be obtained from the dietary sources; however, it is majorly synthesized in the skin by the action of sunrays. The biologically active form of vitamin D3 is 1,25-dihydroxyvitamin D3 (1,25-VD). Cholecalciferol from the skin and ergocalciferol from dietary sources are biologically inactive. The first hydroxylation takes place in the liver by 25-hydroxylase and forms calcidiol (25 hydroxy VD), and calcidiol is then transported by alpha globulin to the proximal tubules of the kidneys where 1α-hydroxylation takes place forming 1,25-VD. 1,25-VD is also called calcitriol. The actions of 1,25-VD are mediated by the vitamin D receptor (VDR), a ligand-activated transcription factor. Upon activation by 1,25-VD, VDR forms a heterodimer with the retinoid X receptor, and binds to vitamin D response elements (VDREs) in the promoters of VD-responsive genes [4] . Most cells of the body including prostate cells have VDR and VD metabolizing enzymes, and can respond to 1,25-VD. Literature supports multipronged effects of 1,25-VD in the prevention of prostate carcinoma progression by induction of detoxifying enzymes [5] , cell cycle arrest [6] , and apoptosis [7] , as well as inhibition of prostate carcinoma cell invasion [8] and angiogenesis [9] . Calcitriol demonstrates antiproliferative effects through the increase of cy clin-dependent kinase (CDK) inhibitors p21 and p27 expression, and the decrease in CDK activity, leading directly to G0/G1cell cycle arrest [10] [11] [12] . Calcitriol also induces apoptosis, mainly through the stimulation of pro-apoptotic gene BAX and sup pression of anti-apoptotic genes, such as BCL2 [13] . Malignant cells might acquire a more mature phenotype in response to calcitriol, suggestive of pro-differentiating effect via regulation of beta catenin, PI3K and JUNN-terminal kinase signaling pathway. Calcitriol inhibits tumor invasion and metastasis via matrix metalloproteinases (MMPs) [14] . Many epidemiological studies examining the VD and cancer association have been conducted; however, the relationship between prostate carcinoma and VD still remains not entirely understood [15] . There are no studies conducted on the association of VD and prostate carcinoma among the Asian population and our study is the first of its kind in literature and hence the need for the same. 
Materials and Methods
All men more than 50 years who presented to the Department of Urology or were referred here for evaluation of lower urinary tract symptoms (LUTSs) at St John's Medical College and Hospital, Bangalore, Karnataka, India between July 2015 and July 2017 were considered for the study. All men more than 50 years presenting with bothersome LUTSs underwent a routine urological evaluation in the form of detailed history taking, physical examination including genitalia and a per rectal examination. Any nodule, hard gland on consistency, asymmetry on examination, fixed/puckered mucosa over prostate gland were all considered suspicious for malignancy. A urine routine microscopy, culture, ultrasound of the kidney, ureter, bladder (KUB), and uroflowmetry test were ordered. Uroflowmetry was not done for patients who were already on catheter. In patients, in whom the digital rectal examination (DRE) was suspicious, transrectal ultrasound (TRUS), VD assay and serum prostatic-specific antigen (PSA) were ordered.
All men who had a suspicious DRE and hypoechoic areas on TRUS, irrespective of the PSA values were subjected to TRUS-guided six-core biopsy from each lobe. Patients whose biopsies were reported as positive for malignancy, prostate adenocarcinoma, were taken as study subjects and those whose biopsies came negative, suggestive of benign prostatic hyperplasia, were taken as controls. All patients had their VD level assessed at our hospital laboratory only, St John's, Bangalore to avoid differences in lab values. VD was measured by radioimmunoassay method. For the purpose of our analysis, VD insufficiency was defined as 20 -30 ng/dL and VD < 20 ng/dL as VD deficiency. Values of more than 30 ng/ dL were considered as normal. Serum PSA of 0 -4 ng/mL was considered normal.
Results
Of all the men who presented to us during that period, 86 men underwent prostate biopsy for suspicious DRE with hypoechoic areas on TRUS. Out of the 86 men who underwent biopsy, 66 men had a positive histopathology suggestive of adenocarcinoma of the prostate gland (group A), and the remaining 20 men (group B) had a negative biopsy. The average age of men undergoing biopsy was 70.4 years in group A and 67.4 years in group B. The average size of the prostate gland of subjects in group A was approximately 54.8 g while that in group B was 51.6 g. Both the results were statistically non-significant (Table 1) . Subjects in group A had LUTSs for a mean of 8.8 months while those in group B for 13.4 months. This was statistically significant (P = 0.017) which can most probably be explained by malignant nature of these glands that would have a comparatively rapid growth compared to their benign counterparts. The average PSA value among subjects in group A ( Fig. 1 ) was 50.4 ng/mL while that in group B was 6.5 (P ≤ 0.001, highly significant). Mean VD level in group A was 10.1 ng/dL while that in group B was 23.2 ng/dL (P ≤ 0.001, highly significant). The average peak flow of the subjects in group A was 11.9 mL/s while of those in group B was 13.5 mL/s (not significant).
Discussion
Prostate carcinoma accounts for the most fre quently diagnosed malignancy in men and the second leading cause of men's death from cancer world wide [16] . In addition to its well-known role in regulating calcium homeostasis in the body via its actions in the kidney, bone, intestine, and parathyroid glands, VD also exhibits anti-tumorigenic properties. This knowledge has led to epidemiologic studies investigating the association between VD deficiency and prostate carcinoma. Accordingly, Schwartz and Hulka [17] were the first to propose that low levels of VD increase the risk of prostate carcinoma. Most studies of 1,25-VD actions in prostate carcinoma have utilized human prostate carcinoma cell lines. The most widely studied cell lines are the LNCaP, PC-3, and DU145 cells. Of these, only the LNCaP cells express androgen receptor (AR) and are androgen-dependent (i.e., they do not grow in castrated hosts) in vivo [18] . Prostate carcinoma cells express receptors for 1,25-VD and some cell lines are growth inhibited when treated with 1,25-VD [18] . The mechanism of action of these growth inhibitory effects of 1,25(OH)2D3 in LNCaP cells involves G1 accumulation, induction of quiescence, and an increase in apoptosis of the cancer cells. However, none of the studies have clearly demarcated the association between prostate carcinoma and VD.
The meta-analysis of 26,769 cases conducted by Huncharek did not reveal a clear re lationship between VD intake and pros- Choubey et al World J Nephrol Urol. 2017;6(3-4):21-24 tate carcinoma risk [19] . However, the well-designed PCPT trial proved that circulating VD levels have a protective role on prostate carcinoma. Furthermore, the protective role of VD was related more with high-grade than with low-grade prostate carcinoma. Hence to hypothesize, VD inhibits the development of clinically significant, but not clini cally insignificant, prostate carcinoma [20] . On the contrary, studies provided by Xu et al revealed a significant 17% elevation in risk of prostate carcinoma for individuals with higher level of VD [21] . No such studies have been conducted in the Asian population and our study is the first of its kind in the Asian population. In our study, we found that there was a significant correlation between VD deficiency and prostate carcinoma, the mean VD was 10.1 in group A (patients having prostate carcinoma) and 23.2 in group B (patients having benign prostatic hyperplasia). This probably indicates that men having VD deficiency have a greater risk of developing prostate carcinoma and perhaps VD supplementation in elderly patients may prove beneficial in slowing down prostatic growth and decreasing the risk of carcinoma.
In another study conducted to study the association between VD and PSA levels among black men, it was found that there was no effect on PSA levels, free or total with VD supplementation in men without a cancer diagnosis [22] . However, no correlation was made between patients who had cancer and VD deficiency. Our study clearly delineates that there is a strong correlation between VD deficiency and occurrence of prostate carcinoma.
Conclusion
VD deficiency is a risk factor for development of prostate carcinoma and there is a strong correlation between them. Further trials are however required to study the effect of VD supplementation on the natural course of the disease.
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